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ZKHUHILVDYROXPHIUDFWLRQRIDIHUURPDJQHWLFPHWDOOLFSKDVHV0DQGV,DUHWKHFRQGXFWLYLWLHV
RI WKH PHWDOOLF DQG LQVXODWLQJ SKDVHV UHVSHFWLYHO\ 7KH HIIHFWLYH FRQGXFWLYLW\ PHDVXUHG
H[SHULPHQWDOO\ LVGHILQHG DV V( W LV D FULWLFDO H[SRQHQW $    ± I&I& ZKHUH I& LV WKH
SHUFRODWLRQ WKUHVKROG 7KH YDOXH RI WKH H[SRQHQW W LQ WKH DERYH HTXDWLRQ UDQJHV IRU D WKUHH
GLPHQVLRQDOODWWLFHVEHWZHHQDQGDVGHPDQGHGE\XQLYHUVDOLW\,WZDVUHFHQWO\IRXQG
WKDWWKHYDOXHW GHVFULEHVZHOOYDULRXVPDQJDQLWHV\VWHPVSRO\FU\VWDOVVLQJOHFU\VWDOV
DQG WKLQ ILOPV )RUFRQGXFWLYLW\ZH DVVXPHGV07 WKHYDOXHRI FRQGXFWLYLW\RI UHODWLYHO\
WKLFN±QP/D[&D[0Q2[|ILOPVZLWKPHWDOOLFEHKDYLRUDWORZWHPSHUDWXUHV
)RUV,7ZHDVVXPHGWKHYDOXHRIWKHFRQGXFWLYLW\RIRXUILOPDW]HURPDJQHWLFILHOGVHH)LJ
,QVLPLODULW\ZLWKUHVXOWVRI:XHWDOZHIRXQGWKDWPRGHOLQJRIHTXDWLRQXVLQJ I& 
±\LHOGVEHWWHUILWWLQJWRRXUGDWD$VSRLQWHGRXWLQ5HIWKHGLIIHUHQFHEHWZHHQWKLV
YDOXHDQGWKHDFFHSWHG'YDOXHRIPD\EHDWWULEXWHGWRWKHTXDVLWZRGLPHQVLRQDOQDWXUHRI
WKHWKLQILOP2QWKHRWKHUKDQGVRPHHUURUVDOVRDULVHIURPGLIIHUHQFHVEHWZHHQRXUDVVXPHG
V0DQGV,DQGWKHUHDOYDOXHV7KHFDOFXODWHGI9DQGWKHUHVLVWLYLW\YVWKHDSSOLHGYROWDJHIRU
7 .LVSUHVHQWHGLQ)LJ,WVKRXOGEHHPSKDVL]HGWKDWIYDULHVUHODWLYHO\VOLJKWO\ZLWKWKH
DSSOLHGYROWDJH7KLVEHKDYLRUPD\EHTXDOLWDWLYHO\XQGHUVWRRGDVIROORZVDQDSSOLHGPDJQHWLF
ILOHGRI+ N2HFRQYHUWVVRPHYROXPHIUDFWLRQWRDPHWDOOLFVWDWHSXVKLQJWKHILOPWRZDUGV
SHUFRODWLRQWKUHVKROGDQGWKHUHIRUHUHVXOWLQJLQDVLJQLILFDQWGHFUHDVHRIWKHUHVLVWLYLW\VHH)LJ
7KHHIIHFWRIHOHFWULFILHOGFXUUHQWLVUHODWLYHO\ZHDNHULQFRPSDULVRQZLWKHIIHFWRIPDJQHWLF
ILHOGDWOHDVWLQWKHUHVWULFWHGUDQJHRIDSSOLHGFXUUHQWXVHGVHH)LJ
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5HFHQWDQDO\VLVRIWUDQVSRUWSURSHUWLHVRI/D3U[&D0Q2WKLQILOPVXVLQJHIIHFWLYH
PHGLXP WKHRU\ KDYH VKRZQ WKDW WKHVH ILOPV FDQQRW EH GHVFULEHG E\ D VLPSOHPHWDOLQVXODWRU
PL[WXUHV  2QH SODXVLEOH UHDVRQ VXJJHVWHG LQ 5HI  LV WKH SUHVHQFH RI D WKLUG SKDVH
LQWHUPHGLDWLQJ EHWZHHQ WKH WZR EHLQJ IHUURPDJQHWLF DQG LQVXODWLQJ $ VPHDUHG RXW &XULH
WHPSHUDWXUHV VHH )LJ E PD\ DOVR EH DQ LQGLFDWLRQ IRU D SUHVHQFH RI )0 FOXVWHUV ZLWK
GLIIHUHQWPDJQHWLFDQGHOHFWURQLFSURSHUWLHV,WDSSHDUVWKHUHIRUHWKDWWKHGHVFULSWLRQRIV\VWHP
DV D WH[WXUHG PDWHULDO ZLWK WKH PXOWLVFDOH PXOWLSKDVH FRH[LVWHQFH VHH 5HI  VHHPV PRUH
UHDVRQDEOHWKDQDVLPSOHIL[HGPL[WXUHRIFRQGXFWLQJDQGLQVXODWLQJPHGLD
7KH UHVXOWV UHSRUWHG DERYH )LJ  DUH IRXQG WR EH RI PXFK VLPLODULW\ WR WKH JODVV\
UHVSRQVHRIDQRWKHUWKLQILOPV/D&D0Q2cXQGHUH[WHUQDOPDJQHWLFDQGHOHFWULFILHOGV
 7KH JODVV\ EHKDYLRU REVHUYHG LQ /D&D0Q2 c ILOPV ZDV GLVFXVVHG LQ WHUPV RI
PHWDVWDEOHHQHUJ\ODQGVFDSHZLWKKLHUDUFKLFDOHQHUJ\EDUULHUVIRUUHOLHYLQJWKHVWUDLQ6XFKD
PRGHO VXSSRUWV D JODVV OLNH UHVSRQVH RI WKH VDPSOH WR H[WHUQDO PDJQHWLF ILHOG GXH WR SDUWLDO
PHOWLQJRIWKHFKDUJHRUGHUHGSKDVHDQGWKHFKDQJHRIWKHSKDVHERXQGDULHVEHWZHHQ&2,DQG
)0 SKDVHV 2QH VKRXOG QRWH WKDW GRPDLQ ERXQGDULHV VKLIW LUUHYHUVLEO\ WKURXJK D PHWDVWDEOH
SLQQLQJ ODQGVFDSH \LHOGLQJ FRQGXFWDQFH FKDQJHV E\ WKH DSSOLFDWLRQ RI PDJQHWLF ILHOG 
3LQQHGGRPDLQZDOOVEHWZHHQ&2,DQG)0SKDVHVFDQEHGLUHFWO\FRXSOHGWRWKHVWUDLQILHOGVLQ
WKHILOP7KHREVHUYHGFRPSOH[K\VWHUHVLVLQUHVLVWLYLW\EHWZHHQZDUQLQJDQGFRROLQJVHH)LJ
VXJJHVWWKDWWKHWUDQVLWLRQLVRIDILUVWRUGHU0RUHRYHUVXFKDFRPSOH[K\VWHUHVLVVHSDUDWHG
LQWRWZREUDQFKHVPD\EHDWWULEXWHGWRWKHGRXEOHSKDVHWUDQVLWLRQVFKDUJHRUGHULQJVWDWHDW7a
.DQGWKHWUDQVLWLRQWRIUR]HQFOXVWHUJODVVOLNHVWDWHDW7a.,WVRFFXUUHQFHRYHUZLGH
WHPSHUDWXUHLQWHUYDOLVVRPHZKDWSX]]OLQJDQGWKHUHLVQRDJRRGH[SODQDWLRQIRUVXFKDIHDWXUH
DWWKLVPRPHQW,W LV OLNHO\WKDW WKHREVHUYHGK\VWHUHWLFEHKDYLRULVGULYHQE\DILQHEDODQFHRI
FRPSHWLQJFKDUJHRUGHUZLWKVWURQJWHQGHQF\WRORFDOL]DWLRQ)0LQWHUDFWLRQVDQGVWUDLQHQHUJ\

&RQWUDU\ WR WKHEHKDYLRURI/D&D0Q2 ILOPV  DQG VLQJOH FU\VWDOV DQDSSOLHG
FXUUHQWLQ/D&D0Q2ILOPVGRHVQRWSURGXFHK\VWHUHWLFDQGPHPRU\HIIHFWV7KHVWURQJHVW
HIIHFWV RI HOHFWULF ILHOGFXUUHQW VKRXOG IDOO DW WKH ERXQGDULHV EHWZHHQ PHWDOOLF DQG LQVXODWLRQ
UHJLRQV ZKHUH WKH HOHFWULF ILHOG LV PD[LPDO $W WKH ERXQGDULHV WKH DFFXPXODWHG FKDUJHV LQ
PHWDOOLFUHJLRQVGULYHQE\HOHFWULFILHOGFXUUHQWZRXOGWKHQXQGHUJRDIRUFHWKDWZRXOGOLWHUDOO\
SXOO WKHERXQGDULHV IXUWKHU LQWR LQVXODWLQJUHJLRQVDQGULVLQJ WKH IUDFWLRQRIPHWDOOLFSKDVH 
7KLV VKLIW RI WKH ERXQGDULHVPD\ RFFXU DV UHYHUVLEOH SURFHVV DW OHDVW LQ UDQJH RI UHODWLYH ORZ
FXUUHQWV6LPLODUVFHQDULRZDVVXJJHVWHG MXVW UHFHQWO\ IRU/D&D0Q2 WKLQILOPVc
GHSRVLWHGRQ6U7L2VXEVWUDWH,WZDVDUJXHGWKDWWKHFXUUHQWSDVVLQJWKURXJKWKH)0UHJLRQV
LV SRODUL]HG DQG WKHQ LQMHFWHG LQWR WKH QRQ)0 LQVXODWLRQ UHJLRQV &2, LQ RXU FDVH NHHSLQJ
WKHLU SRODUL]DWLRQ ZLWKLQ D FHUWDLQ GHSWK DQG OHDGLQJ WR DQ LQFUHDVH RI WKH )0 FRQGXFWLRQ
UHJLRQV ,Q SULQFLSOH ERWK PRGHOV DSSOLHG LQ WKLV DUWLFOH *0 DQG*(0 DUH VXSSOHPHQWDU\
VXSSRUWLQJWKHFRH[LVWLQJPHFKDQLVPVWKDWGHVFULEHWKHHIIHFWRIDSSOLHGHOHFWULFFXUUHQWILHOGRQ
WKHUHVLVWLYLW\QDPHO\LQHODVWLFWXQQHOLQJRIFKDUJHFDUULHUVDFURVVORFDOL]HGVWDWHVLQWKHEDUULHUV
VHSDUDWLQJ)0UHJLRQV *0DQGVKLIWRIERXQGDULHVEHWZHHQPHWDOOLFDQG LQVXODWLQJGRPDLQV
WRZDUGVWKHLQVXODWLQJUHJLRQV*(0
,QFRQFOXVLRQZHKDYHVWXGLHGWKHHIIHFWVRIPDJQHWLFILHOGDQGFXUUHQWRQWKHWUDQVSRUW
SURSHUWLHV RI /D&D0Q2 WKLQ ILOPV GHSRVLWHG RQ /D$O2 VXEVWUDWH :H KDYH SHUIRUPHG
PHDVXUHPHQWV RI UHVLVWLYLW\ XVLQJ YDULRXV SURWRFROV 7KH UHVXOWV REVHUYHG UHYHDO WKH JODVV\
IHDWXUHV REVHUYHG DW WKH WHPSHUDWXUH UDQJH RI SKDVH VHSDUDWLRQ 7KH PHWDVWDEOH VWDWHV WKDW
PDQLIHVWHG WKHPVHOYHV WKURXJK WKH ORQJ WLPH UHVLVWLYLW\ UHOD[DWLRQ VZLWFKLQJ DQG PHPRU\
HIIHFWVDIWHUWXUQLQJRQDQGRIIPDJQHWLFILHOGZHUHREVHUYHG7KHQRQOLQHDUHOHFWURQLFWUDQVSRUW
EHKDYLRURIRXUWKLQOD\HULVDOVRDPDQLIHVWDWLRQRIPL[HGSKDVHEHKDYLRU
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